ABSTRACT
Introduction
Anastomotic leakage is one of the most important surgical complications of colorectal surgery. It has been of great concern because of high occurrence of morbidity and mortality, which affect long-term survival 1 . The use of a protective stoma should be considered in relation to specific conditions involving the operation (low tumor, narrow male pelvis or complications during construction of the anastomosis), or other situations such as: when the patient's initial condition is poor, after neoadjuvant radio chemotherapy, after total mesorectal excision, with preoperative steroid use, or with long-duration op-erations 2, 3 . The proximal diversion, by means of either a colostomy or an ileostomy, minimizes the consequences of anastomotic leakage by preventing faecal flow through the anastomosis [4] [5] [6] [7] [8] . In a randomized multicenter trial 9 it was shown that the defunctioning loop stoma decreased the rate of symptomatic anastomotic leakage. Some controversy still remains as to whether loop ileostomy or loop colostomy is the best way of defunctioning such anastomosis. Some randomized controlled trials have been reported but there is still no consensus. In a survey among colorectal surgeons involved in colorectal residency programs the data obtained showed a preference for loop ileostomy as a temporary stoma 10 .No convincingly significant differences in complications rates between the two methods have yet been presented, particularly with regard to stoma-related techniques 11, 12, 13 . Four randomized controlled trials have compared these two different techniques for defunctioning colorectal anastomosis. Two have favored loop transverse colostomy 12, 14 , and two have recommended ileostomy 11, 15 . In other non-randomized studies, construction of a loop ileostomy has been the preference, in the absence of any hard evidence favoring loop colostomy 16, 17, 18 . Both types of stoma present high complication rates, with considerable mortality rates 19 . The interval between stoma construction and closure usually has a substantial impact on social and economic status. Furthermore, quality-oflife issues need to be addressed 20 , as there seems to be a clear relationship between stoma care problems and the degree of social restriction. Thus, not only is a careful surgical technique required, but also the stoma type has to be carefully chosen in order to have a healthy stoma 21 . Clearly, it remains controversial as to whether loop ileostomy or loop colostomy is the most favourable proximal diversion for colorectal anastomosis.
The objective of this review was to evaluate the evidence regarding loop ileostomy versus loop transverse colostomy for temporary decompression of colorectal anastomosis.
Methods
All published and unpublished randomized controlled trials comparing loop ileostomy with loop transverse colostomy for temporary decompression of colorectal anastomosis were included. There were no restrictions on the patient's age or gender. The following bibliographic databases were searched: The outcome measurements were divided into four categories: C -Outcome measurements relating to stoma closure: bowel leakage, time of stoma closure, incisional hernia and postoperative bowel obstruction (Table 3) . The methodological quality of each trial was assessed by the reviewers. The following pre-specified characteristics of all the randomized controlled trials included were extracted:
-Methods: diagnostic procedures, randomization procedure, allocation concealment, sample size calculation and length of follow-up.
-Participants: disease classification, age, number of patients randomized and reasons for withdrawal from the study.
-Interventions: loop ileostomy and loop colostomy.
Validation studies were investigated by analyzing the participants, interventions and outcome measurements. The studies were stratified for meta-analysis according to the above items and also their clinical homogeneity. For dichotomous outcome measurements, the meta-analysis was performed using risk difference (RD) and relative risk (RR), with the corresponding 95% confidence intervals (95% CI). The fixed-effect model was used for all outcomes except one, incisional hernia, because this outcome presented significant heterogeneity among the trials. Random-effect meta-analysis was therefore used for the outcome of incisional hernia. The statistical heterogeneity in the results from the meta-analyses was assessed by inspection of graphical presentations (funnel plot) and by calculating a heterogeneity test (standard chisquare test on N degrees of freedom, where N equals the number of trials minus one). Sensitivity analysis was performed by excluding studies in which there was some ambiguity as to whether they meet the inclusion criteria. The studies excluded were those that had included emergency surgery or higher colorectal anastomosis.
Results
Five studies met the inclusion criteria [11] [12] [13] [14] [15] . These studies involved 334 patients: 168 in the loop ileostomy group and 166 in the loop colostomy group. Two of the trials 13, 14 included only patients who underwent anterior resection and total mesorectal excision for rectal cancer. The other three trials 11, 12, 15 analyzed patients who underwent surgery on the left-side colon and rectum. One of them 12 included emergency operations. Four of the studies included 11, 12, 14, 15 described the stomas construction technique. Three studies 11, 13, 15 reported that the deaths among their patients were not attributable to either formation or closure of the stoma. One trial 14 described three deaths during the early postoperative period following stoma construction. One study 15 analyzed the outcome of incisional hernia in the stoma wounds that were observed up to 2.5 years after closure. All of the five trials described the statistical analysis. Only one study 14 described the sample size calculation with the outcome "small bowel obstruction". The methodological quality was evaluated independently by the reviewers. The methods used for generating the allocation sequence and allocation concealment were assessed. The allocation sequence was regarded as adequate in one study 11 , and unclear in the other four [12] [13] [14] [15] . The allocation concealment was regarded as adequate in three trials 13, 14, 15 , and unclear in two trials 11, 12 . The statistical analysis was presented using RD and RR with the corresponding 95% CI. The total number of patients included in the meta-analysis was 334 patients: 168 in the loop ileostomy group (Group A) and 166 in the loop colostomy group (Group B). There was insufficient data to describe the continuous outcomes, since the reviewers would have needed the results from each patient, which were not presented in the trials. A number of outcomes are not presented graphically, because these events were only reported in one trial, or because their sample sizes were inadequate: stenosis 12 , necrosis 12 and the patient adaptation outcomes of: number of appliances changes required per day 11 , dietary alteration 12 , need for medication and degree of odour 15 . Two of patient adaptation subcategories were not analyzed in any of the trials included: flatus from the stoma and psychosocial sequelae.
A -General outcome measurements
1. Mortality: 2% (3 out 160 patients) in Group A, compared with 0% (0 out 159 patients) in Group B; RD 0.02, 95% CI: -0.02 to 0.05 (non-significant). There was no statistical heterogeneity in this comparison: heterogeneity chi-square test = 1.66, df = 4, p = 0.80, I 2 = 0%. Described in all trials included ( Figure  2 14, 15 . 
B -

4.
Parastomal fistula: 3% (2 out 64 patients) in Group A, compared with 4% (3 out 67 patients) in Group B; RR 0.71, 95% CI: 0.12 to 4.17 (non-significant). There was no statistical heterogeneity in this comparison: heterogeneity chi-square test = 0.05, df = 1, p = 0.82, I² = 0%. Described in two trials 11, 12 . 
Postoperative bowel obstruction: 5% (6 out 119 patients) in
Group A, compared with 4% (5 out 118 patients) in Group B; RD 0.01, 95% CI: -0.05 to 0.07 (non-significant). There was no statistical heterogeneity in this comparison: heterogeneity chi-square test = 2.67, df = 3, p = 0.45, I² = 0%. Described in four studies 11, 13, 14, 15 . 12, 15 .
D -Outcomes relating to stoma functioning
Sensitivity analyses
Studies including emergencies were excluded 12 . Stoma prolapse 13, 14, 15 : 1% (1 out 93 patients) in Group A, compared with 10% (9 out 93 patients) in Group B; RD -0.08, 95% CI: -0.15 to -0.02 (p=0.02). There was no statistical heterogeneity in this comparison: heterogeneity chi-square test = 0.78, df = 2, p = 0.68, I² = 0% ( Figure 6 ). A summary of the results from all outcomes is showed in 
FIGURE 6 -Graph for sensitivity analyses
Discussion
A -General outcome measurements
The overall analysis of this group of outcomes showed that there was no difference in the mortality, wound infection, colorectal anastomotic dehiscence or reoperation, whether patients underwent loop ileostomy or loop colostomy. The inclusion of patients with complications from underlying diseases and emergency surgery is probably not related to any specific type of stoma. This might explain why a greater number of deaths were reported in one of the trials 12 . Colorectal anastomotic dehiscence is considered to be the most important outcome, once the stoma has been constructed. One of the trials 12 did not analyze this outcome. Because of the limited number of participants included, the reviewers were unable to present meaningful results. It is generally accepted that a loop ileostomy is more difficult to construct than a loop colostomy 15, 22 . However, this review was unable to show these difficulties in stoma construction, because the mean difference and the standardized mean difference of the continuous data (time of stoma formation) could not be calculated from the results from the trials.
B -Outcome measurements relating to stoma construction
Stoma prolapse presented statistical significance but with pronounced heterogeneity between the trials included. Statistical heterogeneity depends on the clinical and methodological differences between trials. Inevitably, studies brought together in a systematic review will differ. Each of the trials included was quality-assessed independently by the reviewers and these assessments were then compared, to try to distinguish the type of heterogeneity. On this occasion, the variability was found in the interventions included in one of the studies, i.e. emergency surgery 12 . Exclusion of the trial that included emergency operations, did not give rise to any more statistical or clinical heterogeneity among the other trials.
The occurrence of parastomal hernia after the construction of a loop ileostomy or loop colostomy depends on the same risk factors as for stoma prolapse and incisional hernia. Thus, the size of the fascia defect and wound infection might be the main initial factors for these complications. This review was unable to show any significant difference in the incidence of that postoperative complication, which occurred in a small number of patients. The available evidence so far does not allow us to conclude that either of the faecal diversion procedures is superior when parastomal hernia is taken into account.
C -Outcome measurements relating to stoma closure
To analyze the outcome of 'incisional hernia', the random-effect model was applied because the heterogeneity test using the fixed effect-model presented a significant difference. In subjecting the result to random-effect analysis, the reviewers made the assumption that individual studies were estimating different treatment effects, following a certain distribution pattern. The idea of a random-effect meta-analysis is to learn about this distribution of effects across different studies. The heterogeneity among the trials included can be visualized by looking at the inclusion criteria for the participants: one trial 15 analyzed all patients who underwent elective colorectal surgery regardless of diagnosis, while another 13 only included patients undergoing anterior resection and total mesorectal excision for rectal cancer. According to one of the studies 13 , loop colostomy appears somewhat easier to close than loop ileostomy. The increased risk of deep wound dehiscence, due to greater contamination of the wound at the time of closure, might be the main factor in this postoperative complication 23 . Alternatively, the spout of an ileostomy may also reduce the leakage of fecal fluid during mobilization of the ileostomy 13, 15 . The length of patient follow-up after stoma closure varied among the trials included and must be taken into account when analyzing this outcome. Except for one of the trials 11 , the others reported follow-ups of various lengths: 1 year 12 , 2.5 years 15 and 5 years 13, 14 . It might be expected that any advantage regarding the ease of closure procedures would be reflected in reduction or resection of the ileostomy spout, along with better access to the peritoneal cavity provided by the greater fascia defect in the colostomy, as reported in one of the trials included 13 . We agree with these points, but the lack of statistical significance does not allow us to conclude anything regarding the superiority of one fecal diversion method over the other. The presence of a loop ileostomy may increase the chances of twisting the small bowel and forming adhesions adjacent to the stoma, which may induce postoperative intestinal obstruction 24 . This review did not find any significant difference in the incidence of intestinal obstruction between patients with loop ileostomy and with loop colostomy. However, several trials have reported that loop ileostomy is highly associated with this postoperative complication 14, [24] [25] [26] [27] [28] . Concerning postoperative bowel obstruction, there is some evidences that, with longer follow-up, adhesion-related complications might become more frequent, particularly after loop ileostomy closure 13 . We also agree with these reports, but further studies will have to be conducted in order to clarify this issue in terms of statistical evidence. The sample size achieved in this review was not great enough to show any significant difference between the two methods of diverting the fecal stream, due to lack of statistical power. Further studies are required to confirm this idea.
D -Outcome measurements relating to stoma functioning
In terms of stoma management, there is some evidence showing that ileostomy has some theoretical advantages over colostomy. Thus, the ileostomy spout makes effluent collection more efficient, induces a longer time interval between appliance changes, fewer patients complain of odor and the ileostomy site is more visible to the patient 15 . However, these advantages could not be proven in this review because most of the studies did not evaluate these variables. Good patient adaptation and reductions in serious skin problems may be due to skilled and intensive stoma care 11 , by stoma therapists and specialized nurses in the nursing units.
A recent review by Lertsithichai 29 described the same studies, but with an outcome that differed slightly from the present review. The main difference was that it retrieved the trials from MEDLINE and the Cochrane Database of Systematic Reviews, but did not include searches from LILACS and EMBASE. However, both reviews found pronounced heterogeneity between the trials included. The review by Lertsithichai found that neither type of temporary diverting stoma was superior to the other, for all the colorectal patients included.
Special care with the construction of both methods of faecal diversion is highly advised due to the high incidence of complications in clinical practice. New randomized controlled trials of good quality are needed in order to evaluate which type of temporary defunctioning stoma would be best. It needs to be established why prolapse occurs more frequently with colostomy and what procedure modifications might lessen this risk. Ideally, trials in which patients are undergoing anterior resection and total mesorectal excision for rectal cancer should be conducted. For this clinical question, such trials should exclude patients with proximal rectal cancer in whom the mesorectum was transected and a higher rectal anastomosis was constructed.
Conclusions
The best available evidence regarding the use of a loop ileostomy or a loop colostomy when decompression of colorectal anastomosis is recommended is inconclusive. So far, the results in terms of the occurrence of stoma prolapse support the choice of loop ileostomy as the technique for faecal diversion for colorectal anastomosis.
